Diabetes mellitus is a significant predictor of perioperative cardiovascular morbidity. Patients with poor glycaemic control are more prone to ventricular arrhythmias, including torsade de pointes (TdP). We report a female patient with poorly controlled diabetes mellitus who developed acute QT prolongation and TdP towards the end of a laparoscopic nephrectomy under sevoflurane anaesthesia.
CASE HISTORY
A 79-year-old woman presented for a laparoscopic right nephrectomy for renal cell carcinoma. She had a 23-year history of type II diabetes mellitus, as well as ischaemic heart disease and hypertension. Her preoperative electrocardiogram (ECG) showed normal sinus rhythm at 64 beats per minute with a QTc interval of 450 ms (normal <460 ms in females). Her preoperative resting echocardiogram revealed normal cardiac function except for mild left ventricular hypertrophy. Cardiomegaly was present in the chest radiograph. There was no evidence of autonomic neuropathy. Hepatorenal function, serum potassium and calcium were within normal limits. Her blood sugar levels (BSL) had ranged between 15 to 19 mmol/l over the previous two months. No recent glycolysated haemoglobin (HbA 1c ) level was available. Physical examination was unremarkable and her vital signs were stable. Her medications included gliclazide, metformin, ramipril, simvastatin, isosorbide dinitrate and nitroglycerine. In view of the malignancy it was decided to proceed despite the suboptimal glycaemic control. Standard monitoring and an arterial catheter were used for the procedure. Midazolam 1 mg was administered intravenously before induction. Her blood pressure (BP) was 160/80 mmHg, heart rate 65 beats per minute and BSL 11.9 mmol/l. Anaesthesia was induced with propofol and fentanyl and muscle relaxation was achieved with vecuronium. Induction and intubation were uneventful. Anaesthesia was maintained with oxygen, air and sevoflurane targeted to a minimum alveolar concentration of 1.0. The end-tidal CO 2 was maintained between 35 to 40 mmHg. The procedure was done in the Case Reports 
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We report a case of torsade de pointes secondary to acute QT interval prolongation in a patient with poorly controlled diabetes mellitus towards the end of a laparoscopic nephrectomy under sevoflurane anaesthesia. The patient was successfully resuscitated and made a complete recovery. Our case suggests that acute QT interval prolongation should be considered in any patient with poor glycaemic control during prolonged procedures. lateral position. Amoxicillin and gentamicin were the antibiotics administered. She remained haemodynamically stable and normothermic, and the blood loss was minimal. A total of 7 µg/kg -1 of fentanyl and intravenous paracetamol 1 mg were administered throughout the procedure. Human insulin was commenced at two units per hour and increased up to eight units per hour as the BSL remained between 12 to 14 mmol/l.
Towards the end of the case, four and a half hours (270 minutes) from the start, a few ventricular ectopics were noticed. Within a minute, four episodes of five to 10 beat runs of polymorphic nonsustained ventricular tachycardia (VT) occurred. The ventricular rate at the time of the VT was around 150 beats per minute and the whole episode lasted less than two minutes. The BP was normal between the runs of VT. There were no changes in the ST segment. A blood gas was performed and a defibrillator brought into the theatre. There were no abnormalities in the gas exchange or acidbase status. Serum potassium was 4.2 mmol/l and calcium was 1.14 mmol/l. The BSL was 12 mmol/l. Five minutes later, as a 12-lead ECG was being arranged, the patient developed sustained VT with no cardiac output. The FiO 2 was increased to 100% and sevoflurane turned off. Cardiopulmonary resuscitation was commenced after turning the patient supine. A DC shock was delivered and magnesium sulphate 10 mmol and adrenaline 100 µg were administered. The rhythm returned to sinus at 70 beats per minute with a mean BP of 120 mmHg. Within a further minute she had another episode of sustained polymorphic VT. A further 10 mmol of magnesium sulphate and a further DC shock reverted the rhythm to sinus with a mean BP of 80 to 90 mmHg. Two doses of amiodarone 150 mg were administered. An infusion of adrenaline at 0.07 µg.kg -1 .h -1 and amiodarone (48 mg/hour) were commenced. The skin incision was closed and the patient transferred to the intensive care unit on adrenaline and amiodarone infusions.
On reassessing the ECG rhythm strips, it was noted that she had an episode of TdP prior to the commencement of VT ( Figure 1 ). The QTc measured from the 12-lead ECG was 690 ms and there were T wave inversions (Figure 2a ). The interval between the peak to the end of T wave (Tp-e) measured from lead V5 increased to 160 ms from the preoperative value of 120 ms. Amiodarone was ceased and an infusion of magnesium sulphate was commenced at 4 mmol/hour after a bolus of 20 mmol. A cardiologist's opinion was sought and it was decided to perform overdrive pacing in the event of further deterioration. There were two more episodes of polymorphic VT, each lasting for a few seconds, occurring within the next hour. An infusion of lignocaine was commenced at 2 mg/minute after a bolus of 1.5 mg/kg intravenously. Serial cardiac enzymes were within normal limits and a bedside echocardiogram revealed normal cardiac function. The adrenaline infusion was stopped after 20 hours. Magnesium sulphate and lignocaine were ceased after 24 hours and 18 hours respectively. Magnesium levels were maintained above 1 mmol/l for the next 48 hours. It took 10 to 12 hours before the BSL was below 10 mmol/l. The insulin infusion rate was maintained between 8 to 10 units/hour. Her HbA 1c was 9.2% indicating poor glycaemic control. She was extubated the next day and the QTc interval progressively decreased to 360 ms over 72 hours (Figure 2b ). Her echocardiogram repeated two weeks later did not reveal any changes and her QTc interval had returned to 450 ms. She had no cardiovascular or central nervous system sequelae. She was followed up by the cardiologist two months later. There were no cardiovascular symptoms and she refused further cardiac investigations. Further cardiac follow up is planned for a year later. Advice regarding future anaesthetics was given with attention to close control of BSLs (between 8 to 10 mmol/l). A total intravenous technique with propofol instead of sevoflurane and preoperative magnesium level were also suggested, although there is controversy about the effects of sevoflurane on the QT interval.
DISCuSSION
Acquired causes of QT prolongation include drugs, electrolyte imbalances, cardiac disease, autonomic neuropathy and neurological injury 1 . Our patient had a long duration of poorly controlled diabetes mellitus and her BSL was hard to control. Sevoflurane was probably the only QT prolonging agent to which she was exposed perioperatively. Potassium and calcium levels were normal until five minutes before the event. There was no evidence of an acute ischaemic event despite the underlying ischaemic heart disease. Anaesthetic depth was adequate without features of increased sympathetic activity.
There was an acute increase in the QTc interval of about 240 ms (from 450 ms to 690 ms) over a period of 270 minutes before the development of TdP. It has been postulated that TdP occurs only when the transmural dispersion of repolarisation is increased and thus QT prolongation per se is insufficient to predispose TdP 2 . Transmural dispersion of repolarisation is represented by the interval between the peak to the end of T wave (Tp-e) on the ECG. There was a 40 ms increase in the Tp-e interval. Our patient's myocardium, with reduced repolarisation reserve secondary to poor glycaemic control, could have been vulnerable to other potential insults. These included intraoperative hyperglycaemia, sevoflurane exposure and surgical stress. In diabetic patients, both acute hyperglycaemia and autonomic dysfunction secondary to long duration of the disease have been shown to prolong the QTc interval and increase the risk of developing malignant arrhythmias 3, 4 . The QT interval has been suggested as a marker of increased likelihood of sudden death in diabetic patients 4 . The perioperative significance of this temporal association linked to autonomic dysfunction has not been explored well. Persistent hyperglycaemia, as indicated by HbA 1c levels more than 8%, is associated with an increased risk of spontaneous ventricular arrhythmias, independent of the QT interval in diabetic patients 5 . Acute hyperglycaemia prolongs the QTc interval even in healthy volunteers 3 . In critically ill patients, BSL is an independent predictor of prolonged QTc interval 6 . Diabetes mellitus and temporal hyperglycaemia have also been identified as predisposing factors for the development of TdP during intravenous amiodarone therapy 7 .
The ionic mechanism of hyperglycaemia-induced QT prolongation is attributed to impairment of a specific potassium current, the rapid component of the delayed rectifier (I k r) 8 . It results in an increase in the action potential duration which manifests as a prolonged QT interval in the ECG. I k r is encoded by the human ether-a-go-go-related gene (HERG) 8 . Insulin restores the hyperglycaemia-induced I k r/ HERG dysfunction in animals 9 .
The prolonged surgical time in our patient would also have affected the intraoperative glycaemic control. The ability to counteract the gluconeogenic and glycolytic effects of the stress hormones is impaired in diabetic patients. It results in insulin antagonism contributing to hyperglycaemia 10 . Our patient's intraoperative BSL levels were higher than the generally acceptable values. Although there are no formal recommendations regarding intraoperative glycaemic control during non-cardiac surgery, maintaining the BSL below 11 mmol/l would be a reasonable approach 10 . A safer and more effective strategy would be to maintain below 8 mmol/l and to avoid BSL variability 11 . A recent study has shown that continuous insulin infusion aiming for a tight BSL control between 6 to 8 mmol/l in vascular surgical patients resulted in a reduction in the major cardiovascular events compared with intermittent bolus insulin initiated for a BSL greater than 8 mmol/l 12 . We do not know whether aggressive blood sugar control would have made any difference in our case, or that the acute QT prolongation and TdP were even related to the poor glycaemic control. However, a possible association can be inferred. Moreover, tighter control would have been helpful in the perioperative period with many other beneficial effects apart from avoiding QT prolongation.
The effect of sevoflurane on the QTc interval is controversial. Some studies have shown a prolongation of the QTc interval 2,13 whereas others have not 14, 15 . Both I k r/HERG blockade 16 , a mechanism shared by hyperglycaemia-induced QT prolongation and I k s (slowly activating delayed rectifier) channel inhibition independent of HERG blockade 17 have been attributed as the underlying electrophysiological mechanisms Sevoflurane has not been shown to affect transmural dispersion of repolarisation in children thereby reducing the torsadogenic potential 2 . The long history of safe sevoflurane use would suggest a negligible torsadogenic effect in the absence of other potentiating factors. Sevoflurane differs from propofol in its effect on ventricular repolarisation. Propofol has been demonstrated to have a protective effect on the QT interval 18 . Indeed, it has been shown to be able to reverse sevoflurane-induced QT prolongation 19 .
Other unrecognised precipitating factors cannot be ruled out in our case. Diabetic patients are more prone to develop hypomagnesaemia and thus preexisting hypomagnesaemia is a possibility 20 . We do not routinely check magnesium levels before elective procedures.
We could not appreciate the prolonged QT interval when our patient initially developed the nonsustained episodes of VT. This prompted us to look for a possible clue instead of administering magnesium. TdP is not easy to recognise during the course of cardiopulmonary resuscitation, and hence amiodarone was administered along with magnesium. It was difficult to identify the QT prolongation from the poor quality of the 12-lead ECG obtained during cardiopulmonary resuscitation. It is worth reiterating that practical knowledge of the QT interval is limited among anaesthetists although its significance is well recognised 21 .
In conclusion, this case highlights the importance of recognising poorly controlled diabetes mellitus as a potential clinical risk factor in the development of acute QT prolongation during prolonged procedures. More careful monitoring of QT interval should be considered in predisposed patients as most modern monitoring systems incorporate an automated QTc interval measurement. Furthermore, steps should be taken to avoid other TdP triggering factors and care should be taken in using other QT prolonging drugs. Total intravenous anaesthesia with propofol may be a better option in these patients with multiple risk factors. Further research on the prolongation of ventricular repolarisation in the diabetic population when exposed to inhalational agents and other QT prolonging drugs seems warranted.
